The aim of this study was to use restriction fragment length polymorphism to detect unsuspected cases of nosocomial transmission of tuberculosis (TB) among patients who had been admitted to a university hospital. One hundred fifty-one samples of Mycobacterium tuberculosis isolated from patients with pulmonary TB were studied. The isolates from 37 patients (24.5%) defined 11 clusters. None of the patients infected with these cluster isolates had hospital stays that coincided with one another, and for 5.4% of the patients, the epidemiological link was clearly outside the hospital. Previous incarceration was associated with infection with cluster isolates. In addition, 109 patients without TB (41 of whom were infected with human immunodeficiency virus) who shared a room with patients who had TB were followed for 18-60 months. Among the patients who survived, secondary cases of TB due to nosocomial transmission were not detected.
of tuberculosis (TB) from relapses [13] , and identification of cases of laboratory cross-contamination [14] . In addition, DNA fingerprinting is ideal for studies of the transmission of M. tuberculosis in closed institutions, such as nosocomial outbreaks of infection in hospitals [15] [16] [17] [18] , shelters for the homeless [19, 20] , and prisons [21, 22] . Moreover, outbreaks of infection that involve multidrug-resistant strains also have been studied by use of this method [15, [23] [24] [25] [26] .
Because the interval of time between infection and the development of the disease ranges from a few weeks to several years [23, 27] , transmission in closed institutions may be difficult to identify. The aim of the present study was to detect unsuspected cases of nosocomial transmission of TB during a long-term study period by use of a molecular typing method.
MATERIALS AND METHODS

Study setting.
The study was performed in a 900-bed university hospital. During the 43 months of the study period, ∼504 patients had TB diagnosed, 397 (78.8%) of whom had their infections confirmed by means of microbiological testing. The remaining cases were diagnosed on the basis of clinical and epidemiological suspicion and favorable response to treatment.
Smear-positive patients who had TB diagnosed in the Hospital Clínic (Barcelona) were isolated in single rooms with negative pressure and without ultraviolet light. Masks (EN 149 FFP2S; 3MM) were required for health care workers and visitors. Patients with TB were allowed out of their rooms only to undergo procedures and they were required to wear a mask. Approximately 70% of the patients with TB were admitted to the Infectious Disease Department. The infectious disease ward (IDW) has 22 beds, including 2 single rooms with negative pressure.
The study comprised 2 different parts: the molecular typing of the isolates obtained from index patients (IP) during a 43-month period, and the research and follow-up of their roommates for 60 consecutive months (range, 18-60 months).
Patients. Each patient was classified as either an IP or as a roommate of an IP (RP). An IP was a patient who had been admitted to the Infectious Disease Department of Hospital Clínic for at least 1 day with culture-confirmed M. tuberculosis recovered from respiratory samples. An RP was a patient without suspected or confirmed TB who shared a room with an IP for at least 1 day.
Definitions. The exposure period was defined as the number of days an IP and an RP shared a room. The minimum period of RP survival after exposure was 1 year for HIV-infected patients and 2 years for patients without HIV infection. This definition was based on the reported incidence of TB. Several studies have reported that the lifelong risk of developing TB is 5%-15% for immunocompetent persons with TB infection, although the incidence is greatest during the first 2 years after exposure to the contagion [28] [29] [30] [31] [32] [33] [34] . For HIV-infected subjects, the annual risk of developing TB is 4.7%-9.7%, which increases to 35.7% during outbreaks of infection in closed institutions [15, 23, [35] [36] [37] [38] . Receipt of у10 days of continuous antituberculous therapy was used to define an IP as "treated." This definition is based on studies done in the 1970s of contacts of patients with TB. These studies concluded that patients who received treatment were not contagious [31, [39] [40] [41] [42] .
Patient data. Data concerning the IPs and RPs were obtained from the hospital database, laboratory records, review of medical charts, IDW registers, and records of the TB control program of the Barcelona Department of Public Health.
Mycobacterial strains and clinical specimen processing. Clinical samples were digested and decontaminated by use of the NaOH-N-acetyl-l-cysteine method [43] . Samples were cultured in Löwenstein-Jensen slants (BBL) and onto radiometric 12B medium (BACTEC; Becton-Dickinson). Identification was done by use of commercial DNA probes (AccuProbe; Gen Probe) [44] . Drug susceptibility testing was performed by use of the proportions method with the radiometric system [43] .
Molecular analysis. IS6110 RFLP patterns were determined according to the standard procedure described by van Embden et al. [10] .
Analysis of RFLP patterns. Fingerprinting patterns were analyzed by means of visual examination. A cluster was defined as у2 strains with identical numbers of copies and locations of IS6110.
Research and follow-up of RPs. The hospital census was reviewed to determine which rooms had been assigned to IP patients. Next, the IDW register was used to identify all of the persons who shared rooms with IPs (i.e., RPs) during the same period. The clinical follow-up of RPs was performed by reviewing the Microbiology Laboratory database and the official notifications to the Barcelona TB program during the past 18 months. The mortality census of Barcelona was checked to see how many RPs had died during the study period.
Statistical analysis. 
RESULTS
IP characteristics and RFLP patterns. The isolates recovered from 151 patients were included in the study. Different patterns were found in 114 isolates (75.4%). The remaining 37 isolates (24.5%) were classified into 11 different cluster groups. The main characteristics of the 37 patients with cluster isolates and the 114 patients with noncluster isolates were compared (table  1) . Univariate analysis showed that radiological evidence of cavitation, lack of resistance to antituberculous drugs, injection drug use, history of incarceration, and previous TB were the factors observed significantly more frequently among patients who were infected with cluster isolates. Multivariate analysis revealed that histories of TB and, especially, incarceration were independent factors for acquisition of cluster isolates (table 1) .
Epidemiological investigation. Seven IPs (19%) had been previously admitted to the hospital, and none had prior admissions to the Hospital Clínic that coincided with those of another IP. Prison contact was clearly established for patients with cluster I (table 2). Twenty (74%) of 27 patients included in cluster groups A-E and H had a history of imprisonment, 2 lived near each other, and 2 others were injection drug users. The mechanisms of transmission were not determined for the patients in the remaining cluster groups.
Research and follow-up of the secondary cases. Eighty- seven (57.6%) of 151 IPs who had been admitted to the Infectious Disease Department were found in the IDW census. The remaining 64 patients had been distributed in other wards that did not have registries. Thirty-three (37.9%) of the 87 patients were in isolated rooms for the whole period of their hospital stay.
Fifty-four (62%) IPs shared rooms with 151 RPs. Forty-two RPs were excluded from the study because they had shared rooms with patients who had TB that was not confirmed by culture or nonpulmonary TB. The final number of RPs who were studied was 109, 41 (38%) of whom were HIV infected and 68 (62%) of whom were not HIV infected. Every RP was classified according to HIV status, smear result, and TB therapy of the IP (table 3). Table 3 shows the RPs' exposure to 8 different risk situations, which varied from contact with treated, smearnegative IPs for р5 days to contact with untreated, smear- 
days).
Clinical follow-up was performed from the time of inclusion in the study protocol until the end of the study: 43% were followed for 60 months, 30.2% for у36 months, and 26.6% for 12-24 months. Twenty-eight of the HIV-infected patients (68.3%) and 26.4% of the patients without HIV died during the follow-up period as a result of other diseases (table 3) . One HIV-infected RP developed TB 16 months after 2-days' exposure to an IP after the IP had received treatment for 1 month. RFLP analysis of both strains showed different patterns.
DISCUSSION
The introduction of molecular typing in the epidemiology of M. tuberculosis has led to important advances in the knowledge of the risk factors associated with acquisition of infection and the development of the disease. The IS6110 RFLP technique [10] has been the most effective in epidemiologic studies of TB transmission [45, 46] . In this study, the IS6110-based RFLP typing method was used to detect unsuspected cases of nosocomial transmission of TB among patients who were admitted to our hospital.
The molecular analysis of 151 isolates selected in the study allowed identification of 11 clusters. A epidemiologic relationship was established in one of the clusters (5.4% of the isolates). Nonetheless, only 21 patients (56.7%) who were infected with any cluster isolate shared a history of imprisonment or lived in the same neighborhood.
The following different population models of TB transmission that used the molecular methods have been reported: (1) general population [1-3, 11, 12] ; (2) outbreaks of infection, often due to multidrug-resistant isolates that are found in closed communities or hospitals [15-17, 19, 20, 23-27] ; (3) penitentiary populations or other restricted communities [21, 22, 47, 48] ; and (4) detection of cases of unsuspected nosocomial transmission [18, 46] . The percentage of isolates found in clusters varied in these models; it ranged from 38%-55% in open population studies to 44%-89% in studies of outbreaks of infection. The situation in restricted communities and hospitals is intermediate (percentage of isolates found in clusters, 51%-74% and 25%-54%, respectively). Similarly, among the isolates included in clusters, a correlation may be established with conventional epidemiology in a small proportion of clusters in open population studies (10%-29%); this proportion may be very high during the course of outbreaks of infection (70%-90%). The data in the present study are similar to those observed in the monitoring of nosocomial transmission [18, 46] (5% and 2.2%, respectively).
Nineteen percent of the IPs who were infected with cluster isolates had been previously hospitalized in our center. However, none of the patients' hospital stays coincided with another, so transmission was not nosocomial. Nonetheless, the possible contact of these patients with other patients who acted as a common nosocomial source during previous admissions cannot be excluded.
Various risk factors associated with clustering have been described in the literature [1, 11, 12, 18, 46] . Univariate analysis associated the following factors with an increased risk of being infected with a cluster isolate: presence of cavitated TB, drug sensitivity that contrasts with the outbreaks of infection with 
NOTE.
The number of patients who were smear positive was 28; the number who were smear negative was 26. Roommate patients are patients without suspected or confirmed TB who shared a room with an index patient for at least 1 day. Treated, treatment with у10 days of continuous anti-TB therapy.
a Days that roommate patients shared a room with index patients.
multidrug-resistant isolates that have been reported [17, 24, 25] , and a history of imprisonment and injection drug use. Recent studies of populations with characteristics similar to those of our patients show an important association between these last 2 factors and infection with a cluster isolate [22, 47] . In addition, multivariate analysis revealed that histories of TB and, especially, incarceration were independent risk factors for infection with cluster isolates. In contrast [1, 3] , no association was found between HIV infection and belonging to у1 cluster groups. This could be explained in part by the introduction of new antiretroviral therapies (one-third of the patients in this study had received these drugs). However, no specific investigation was performed to demonstrate this. On the other hand, previous episodes of TB were associated with infection with cluster isolates, and no other factor for recent transmission was found in these patients. This suggests that these patients could have been included in a common cluster group in the previous episode, and that the main mechanism of TB development in the present episode may be endogenous reactivation and relapse after poor treatment compliance instead of new exogenous episodes. Nevertheless, this point is not demonstrable because the strains of previous episodes were not available.
The aim of the second part of the study was to determine the risk of infection with and development of TB for RPs. Eighty-seven IPs were studied, and we evaluated their situation in the IDW and localized their contacts. During the maximum follow-up period of 60 months, none of the 109 RPs developed TB as a result of contact in the hospital with the IPs who were studied. Forty-one of the RPs were HIV positive, and 30 (73%) presented CD4 cell counts of !200 cells/mm 3 during the exposure period, a condition that enhances the risk of developing TB [49] . A rapid progression has been reported in the development of active TB among HIV-infected patients [15, [23] [24] [25] [26] [27] . On the other hand, in clinical practice, it is admitted that after several days of chemotherapy, the patients may become noncontagious. Several early studies compared how many patients became infected with TB or developed TB after contact with a treated IP; they concluded that treated smear-positive or culture-positive patients were not more contagious than were treated IPs who had negative results of smear and culture [31, [39] [40] [41] [42] . Moreover, bacteriological studies have demonstrated that the burden of bacteria decreases to 5% in 2 weeks [50] . However, with some exceptions [42] , these studies were performed using patients who were not receiving drugs according to treatment schedules that included the most active drugs and did not clearly assess the time period in which the patients became noncontagious. Therefore, this issue still remains unsolved [51, 52] .
The contacts of the IPs in the present study were evaluated on the basis of whether an initial 10-day treatment regimen had been completed (table 3) . A total of 87 (79.8%) of the RPs were in contact with IPs who had received !10 days of antituberculous therapy. However, most RPs were in contact with IPs for р5 days. Several reasons may explain the contact between IPs who had been treated for !10 days and RPs: for some IPs, TB was not suspected at admission, and for other IPs, TB was moderately suspected but initial smear results were negative. Most of the untreated IPs (i.e., patients who received !10 days of therapy) who shared a room with an RP for 15 days had received 7-9 days of appropriate treatment.
A total of 73.5% of the immunocompetent RPs survived for 2 years, and 37.7% of HIV-infected RPs survived for 1 year. The highest risk of development of TB disease occurs during the first 2 years after infection [28] [29] [30] [31] [32] [33] [34] . Nonetheless, several factors may influence the development of TB, such as the age of the contact patient (TB occurs more frequently in children) [34] and elderly persons [53] ; the intensity of smear positivity of the IP [54] ; and the degree of relationship between the IP and the contact patient, which is greater for contact patients who sleep in the same room (9% of persons who slept in the same room vs. 6% of persons who did not sleep in the same room) [30, 55] . A more rapid progression to disease has been demonstrated in HIV-infected patients; it is 6.9%-13% during the first year for purified protein derivative (PPD)-positive or anergic patients and ∼5% for PPD-negative patients, becoming highest (35%-50%) during nosocomial outbreaks of infection [15, 23] . It may theoretically be estimated that 1-2 of the HIVinfected RPs who survived and 2-3 of immunocompetent RPs who survived could have developed TB; however, no cases of TB were detected. Several factors may explain this fact: the unknown state of infection of the RPs; both the lack of homogeneity between duration of exposure and time of initiation of treatment of the IPs when contact occurred with the RP; the high mortality rate among the HIV-infected population (37.7% of the patients survived for 1 year after inclusion in the study); and the retrospective nature of the search for contact patients. In addition, the study was performed with the assumption that all cases of TB that were diagnosed in our city were detected by use of the active epidemiologic surveillance system of the Barcelona TB Program [56] .
In conclusion, no evidence of nosocomial transmission was observed among the patients who were infected with the different cluster isolates that were determined. Nonetheless, a proportion of patients with culture-confirmed TB could not undergo the complete isolation measures indicated in the hospital program as a result of the lack of isolation rooms and the delay in the diagnosis, which was a consequence of TB not having been initially suspected or confirmed by positive results of staining. During this study, the hospital stays of up to 4 patients with TB likely coincided in the IDW, and 2 of these patients did not stay in an isolated single room. It may be concluded that more single isolation rooms are needed in a IDW that attends to 142 patients with pulmonary TB per year. The use of the IS6110-based RFLP typing technique for M. tuberculosis as a screening tool may be justified in the surveillance of TB transmission.
